###### 

Appendix: Details of specific exercise programme

###### 

Click here for additional data file.

Introduction
============

Subacromial impingement syndrome is said to have multiple causes.[@ref1] Several structures, such as the subacromial bursa, the tendons of the rotator cuff, the acromion, the coraco-acromial ligament, and the caput longum tendon of the biceps brachii muscle, are involved in the pathogenesis of subacromial impingement syndrome (fig 1[](#fig1){ref-type="fig"}). Multiple factors have been proposed as contributing to the development of subacromial impingement syndrome, including altered shoulder kinematics associated with dysfunction of the rotator cuff and scapular muscles,[@ref2] [@ref3] [@ref4] capsular tightness,[@ref5] poor posture,[@ref6] [@ref7] and overuse secondary to sustained intensive work.[@ref8] [@ref9]

![**Fig 1** Anatomy of the shoulder](holt903328.f1_default){#fig1}

Conservative treatment is the first choice, often with corticosteroid injection or different physiotherapy interventions, or both.[@ref10] Some studies have reported specific exercise treatment to be effective,[@ref11] [@ref12] but the summarised evidence for its effectiveness is uncertain because of the limited number of studies and several with methodological concerns.[@ref13] [@ref14] [@ref15] Therefore more well designed and powered clinical trials evaluating specific exercise interventions are needed. When conservative treatment fails, arthroscopic subacromial decompression is recommended.[@ref16] [@ref17] Surgery is performed in about 30% of all patients because conservative treatment fails.[@ref18] The number of patients who undergo arthroscopic subacromial decompression in Sweden has increased substantially in recent years, from 2287 in 2005 to 7959 in 2008 (Swedish Board of Health and Welfare, 2009). Studies have compared different exercise programmes with surgery and concluded that the two strategies have equivalent effects. A 65-80% success rate, improved shoulder function, and decreased pain have been reported after one year.[@ref12] [@ref19] [@ref20] These results challenge the need for surgery.[@ref17] Some patients still do not respond to conservative and surgical intervention, indicating that the selection of patient for the different treatments is not optimal, and further research is required to identify those who really need surgery.

Despite limited evidence, several systematic reviews have suggested exercise treatment as the first line management for patients with subacromial impingement syndrome.[@ref21] [@ref22] [@ref23] There is currently no consensus of the most appropriate exercise strategy. Further research is needed to develop evidence based exercise programmes that can be recommended and implemented for these patients. We evaluated whether a specific exercise strategy targeting the rotator cuff and scapula stabilisers improves shoulder function and pain more than unspecific exercises in patients with subacromial impingement syndrome, thereby decreasing the need for arthroscopic subacromial decompression.

Methods
=======

Participants and setting
------------------------

Patients aged 30-65 with a diagnosis of primary subacromial impingement syndrome from an orthopaedic specialist and on the waiting list for arthroscopic subacromial decompression were eligible for inclusion in the study. Participants were recruited from the department of orthopaedics, University Hospital, in Linköping, Sweden, between January 2008 and February 2010. The inclusion criteria were typical history with pain located in the proximal lateral aspect of the upper arm, especially with the arm raised; six month duration of the current episode; and lack of response to various conservative treatments (including exercise treatment) for at least three months. In addition, they had to have three of the following: impingement sign according to Neer,[@ref24] impingement sign according to Hawkins-Kennedy,[@ref25] positive result on Jobes test,[@ref26]and positive result on Patte's manoeuvre.[@ref27] Finally, the Neer's impingement test[@ref24] (injection of 1 mL of 20 mg/mL triamcinolon mixed with 6 mL of 10 mg/mL mepivacain) was performed, and participants had to have a positive test result for inclusion in the study. The exclusion criteria were: radiologically verified malignancy; osteoarthritis of the glenohumeral joint; os acromiale decreasing the subacromial space; acromioclavicular arthritis; previous fractures in the shoulder complex or shoulder surgery on the affected side, or both; clinically verified polyarthritis, rheumatoid arthritis, fibromyalgia, instability in any joint of the shoulder complex, frozen shoulder, or symptoms from the cervical spine and pseudoparalysis; receipt of a corticosteroid injection in the previous three months for the current problem; or an inability to understand written and spoken Swedish. All patients provided written informed consent after being given oral and written information by the orthopaedic specialist at the inclusion visit.

Procedures
----------

An independent physiotherapist prepared the random allocation sequence beforehand. Equal numbers of the two treatment alternatives, 55 of each, were prepared and concealed in opaque envelopes. These were then mixed by hand and numbered. At the inclusion visit, the orthopaedic specialist (HB) coded the patients consecutively. Treatment allocation was performed at the first visit to the physiotherapist, within two weeks of the inclusion visit. This procedure was used to secure blinding of the orthopaedic specialist acting as the assessor. The research physiotherapist received the envelope with the corresponding code revealing the assigned treatment alternative out of a central locked location just before the participants presented for one of the two treatments: specific exercises (specific exercise group) or unspecific exercises (control exercise group).

Interventions
-------------

### Both groups

All patients received a subacromial corticosteroid injection at the inclusion visit, in line with usual practice. The exercises were introduced two weeks after the injection. Both groups received thorough information about their shoulder condition, ergonomical advice, and correction of their posture. The included patients visited the research physiotherapist (TH) once a week for the first two weeks and once every other week for the next 10 weeks (a total of seven visits). The first visit lasted about 60 minutes, and the subsequent visits lasted 30 minutes. In between these supervised sessions, participants performed home exercises once or twice a day for 12 weeks. An exercise diary was used in both groups to monitor adherence.

### Specific exercise group

The programme was based on the latest scientific literature[@ref23] [@ref28] [@ref29] and clinical experience and focused on strengthening eccentric exercises for the rotator cuff and strengthening concentric/eccentric exercises for the scapula stabilisers. The programme consisted of six different exercises: two eccentric exercises for the rotator cuff (supraspinatus, infraspinatus, and teres minor), three concentric/eccentric exercises for the scapula stabilisers (middle and lower trapezius, rhomboideus, and serratus anterior), and a posterior shoulder stretch. Each strengthening exercise was repeated 15 times in three sets twice daily for eight weeks. The posterior shoulder stretch was performed for 30-60 seconds and repeated three times twice daily. From week eight to week 12, the exercises were repeated once a day. The exercises were individually adjusted and progressed with increased external load by using weights and elastic rubber band at the physiotherapist visits once every other week during the whole rehabilitation period. When necessary, the physiotherapist performed manual treatment by stretching the posterior glenohumeral capsule and pectoralis minor during the visits. The pain monitoring model[@ref30] was used to find the individual resistance for each patient. The patients were not allowed to exceed 5 on this 0-10 scale when they performed the exercises; however, they were recommended to feel some pain during loading. After completion of an exercise session, increased pain had to revert to levels before exercise before the next session; otherwise, the external load was decreased. Great emphasis was placed on teaching good posture (thoracic spine extension and retracted shoulders) and to maintain this position during the exercises. After completion of the specific exercise programme (after 12 weeks), we recommended participants to maintain the daily home exercises for another two months. A more detailed description of the exercise programme can be found in the appendix on bmj.com.

### Control exercise group

The control exercise programme consisted of six unspecific movement exercises for the neck and shoulder without any external load (shoulder abduction in the frontal plane, shoulder retraction, shoulder elevation, neck retraction, stretch of upper trapezius and pectoralis major. Each movement exercise was repeated 10 times, and each stretching exercise three times twice daily at home and once every other week at the physiotherapist visits. The patients did the same programme without any progression during the whole rehabilitation period. The unspecific exercise programme was thought to have a limited effect in patients with subacromial impingement syndrome and therefore acted as a control.

Outcome measurements and assessment
-----------------------------------

The same orthopaedic specialist evaluated all primary and secondary outcome measures at the inclusion visit before patients started the exercises (baseline) and after three months when patients had completed their exercise programme. The specialist was blinded to the group assignment throughout the study.

At the inclusion visit we documented age, sex, duration of subacromial pain, earlier treatment, drugs, occupation and duration of sick leave, and expectations of effects of treatment (completely restored, quite improved, not improved but some relief of the symptoms, or no expectations of being restored). Patients rated their work load on a four item scale dichotomised into two categories: light to moderate (not working with arms above the shoulders) and moderate to heavy (working with arms above the shoulders). We used the hospital anxiety and depression scale[@ref31] at baseline as a screening tool for mental distress. Ultrasonography was performed between inclusion and the three month assessment to investigate the status of the rotator cuff (intact, partial tear, or full thickness tear).

The primary outcome was the Constant-Murley shoulder assessment score.[@ref32] The score consists of both objective (range of motion and strength) and subjective measurements (pain assessment, work load, and leisure time activities), which are summarised in a score between 0 and 100. A higher score indicates better shoulder function. Secondary outcomes were measured with the disability of the arm, shoulder, and hand score, a questionnaire developed to measure upper extremity disability and symptoms. Patients' assessments are summarised by a score between 0 and 100. A lower score indicates better shoulder function.[@ref33] We used a visual analogue scale (0-100 mm) to measure the patient's perceived pain intensity at rest, during arm activity, and at night during the previous 24 hours at each assessment,[@ref34] and the EuroQol instrument (EQ-5D and EQ VAS) to evaluate health related quality of life (HRQL).[@ref35]

At the three month assessment, after the end of treatment, the orthopaedic specialist asked the patient whether they still wanted or thought they needed surgery. The patient's global impression of change in symptoms because of treatment was also registered on a five point Likert scale: worse, unchanged, small improvement, large improvement, or recovered.

Sample size calculation
-----------------------

We calculated our sample size according to the Constant-Murley score. We estimated that we needed 82 patients to detect a mean 10 point difference between groups,[@ref19] [@ref36] with a variability of 16 points (β=0.80, two sided α=0.05). To compensate for dropouts, we recruited an additional 20 patients.

Data analysis
-------------

We used one way analysis of variance for group differences at three month follow-up in primary and secondary outcomes using continuous scales, with adjustment for baseline levels of outcomes using group differences in mean change from baseline to three month follow-up as dependent variable.

The patient's global impression of change in symptoms because of treatment was dichotomised into large improvement (large improvement or recovered) or unimproved (slightly recovered, unchanged, or worse). We used Pearson's χ^2^ test to compare changes within and between groups, as well as the proportion of patients who still wanted or thought they needed surgery in the respective group at the three month assessment. We compared the percentage of successful outcomes between groups by calculating the odds ratios and their 95% confidence intervals with logistic regression. We used the statistical software package SPSS (version 18.0; SPSS, Chicago, IL) for all the analyses.

Results
=======

A total of 152 patients were eligible for inclusion; 102 patients met the inclusion criteria and provided written informed consent to participate. Three weeks after inclusion, five patients were excluded: two patients developed a frozen shoulder, diagnosed by the physiotherapist three weeks after inclusion, and three patients changed their minds about participating in the study and declined participation at the first physiotherapist visit because of lack of time. A total of 97 patients were compliant with the study protocol from baseline to the three month assessment and were included in the statistical analysis (fig 2[](#fig2){ref-type="fig"}).

![**Fig 2** Flow of participants through study of effect of specific exercise strategy on patients with subacromial impingement syndrome](holt903328.f2_default){#fig2}

There were no differences in the background variables at baseline, except for more men in the specific exercise group (table 1[](#tbl1){ref-type="table"}), and no statistical differences between the groups in any of the outcome measures at baseline (table 2[](#tbl2){ref-type="table"}). Both groups had a low mean score on the hospital anxiety and depression scale, indicating limited mental distress (table 1[](#tbl1){ref-type="table"}). All patients included in the study expected a moderate or large treatment effect, with no significant differences between the two groups.

###### 

**Table** **1** Background variables for two groups of patients with subacromial impingement syndrome according to randomised group. Values are numbers (percentages) unless stated otherwise

  -----------------------------------------------------------------------------------------------
                                             Specific exercise group\   Control exercise group\
                                             (n=51)                     (n=46)
  ------------------------------------------ -------------------------- -------------------------
  Women                                      14                         22

  Mean (SD) age (years)                      52 (9)                     52 (8)

  Median (range) duration of pain (months)   24 (6-120)                 12 (6-156)

  Dominant side affected                     30 (59)                    22 (48)

  Affected shoulder (right/left)             32/18                      22/24

  Occupation:                                                           

   Heavy load                                22 (43)                    21 (46)

   Light load                                29 (57)                    25 (55)

  On sick leave at start                     9 (18)                     9 (20)

  Rotator cuff status\*:                                                

   Intact                                    33 (65)                    34(74)

   Partial tear                              15 (29)                    6 (13)

   Full thickness tear                       3 (6)                      6 (13)

  HAD (0-21):                                                           

   Mean (SD) anxiety                         3.3 (3.1)                  3.9 (3.0)

   Mean (SD) depression                      2.2 (2.3)                  2.5 (2.6)
  -----------------------------------------------------------------------------------------------

HAD=hospital anxiety depression scale.

\*Ultrasonographic examination.

###### 

**Table** **2** Mean (SD) of groups, mean change within groups (95% confidence interval), and mean differences (95% confidence interval) between groups adjusted for baseline scores

  Groups\*       Baseline                     At 3 months                 Mean change within groups (baseline to 3 months)   Mean differences between groups (baseline to 3 months)                                               
  -------------- ------------- -------------- ------------- ------------- -------------------------------------------------- -------------------------------------------------------- --------------------- --------------------- ----------------------
  CM score       48.5 (15)     43.5 (15)                    72.5 (19)     52.5 (23)                                                                                                   24 (19 to 28)         9 (5 to 13))          15 (8.5 to 20.6)
  DASH score     30 (14)       35 (19)†                     16 (15)       29 (19)†                                                                                                    14 (11 to18)          6 (2 to 11)†          8 (2.3 to 13.7)
  EQ-5D          0.67 (0.23)   0.62 (0.23)†                 0.82 (0.14)   0.69 (0.24)†                                                                                                0.16 (0.09 to 0.22)   0.07(−0.14 to 0.01)   0.09 (−0.07 to 0.18)
  EQ VAS         68 (15)       62 (20)                      75 (20)‡      69 (21)‡                                                                                                    6.6 (0.4 to13)        6.1 (−0.7 to13)‡      0.5 (−8.7 to 9.8)
  VAS rest       15 (19)       20 (21)                      10 (14)       20 (25)                                                                                                     4.1 (−0.7 to 11)      −5 (−6.5 to 6.5)      −5.4 (−14.1 to 3.4)
  VAS activity   61 (22)       66 (20)                      25 (26)       41 (27)                                                                                                     36 (27 to 46)         25 (16 to 35)         −10.6 (−23.6 to 2.4)
  VAS night      46 (28)       40 (30)                      15 (22)       27 (27)                                                                                                     32 (23 to 40)         12 (4 to 21)          −20 (−30.9 to −7.2)

\*Groups: CM score=Constant-Murley shoulder assessment score 0-100 (100=maximum shoulder function); DASH score=disabilities of arm shoulder and hand score 0-100 (0=maximum shoulder function); EQ-5D index 1 to −0.59 (−0.59= lowest health related quality of life); EQ-VAS 0-100 (0=lowest health status); VAS=visual analogue scale 0-100 (0=no pain).

†n=44.

‡n=42.

§n=49.

The specific exercise group had significantly greater improvement than the control exercise group in the primary outcome (shoulder function and pain evaluated with Constant-Murley score), with a mean difference between groups of 15 points (95% confidence interval 8.5 to 20.6; table 2[](#tbl2){ref-type="table"}). The mean change in the Constant-Murley score was 24 points (19 to 28) in the specific exercise group and 9 points (5 to 13) in the control exercise group (table 2[](#tbl2){ref-type="table"}).

The mean change in the disabilities of the arm, shoulder, and hand score was significantly higher in the specific exercise group than the control exercise group, with a mean difference between groups of 8 points (2.3 to 13.7; table 2[](#tbl2){ref-type="table"}).

The mean change in visual analogue scores was significantly greater in the specific exercise group than in the control exercise group during the night, with a mean difference between groups of 20 points (−30.9 to −7.2)). We found no significant differences in visual analogue scores between the groups for the mean change in pain during activity or at rest (table 2[](#tbl2){ref-type="table"}).

Health related quality of life, measured with the EQ-5D, was significantly higher (P\<0.001) in the specific exercise group than in the control exercise group at the three month assessment (table 2[](#tbl2){ref-type="table"}). The mean change between the groups was 0.09 (−0.07 to 0.18). We identified no significant difference between the groups for the EQ-VAS (P=0.15).

Significantly more patients in the specific exercise group reported a successful outcome (defined as large improvement or recovered) according to the patients' global assessment of change because of treatment (69% (35/51) *v* 24% (11/46); odds ratio 7.6, 3.1 to 18.9; P\<0.001). A significantly lower proportion of patients in the specific exercise group subsequently chose surgery (20% (10/51) *v* 63% (29/46); odds ratio 7.7, 3.1 to 19.4; P\<0.001).

Adherence and co-interventions
------------------------------

Each patient was scheduled to have six to seven visits to the physiotherapist during the 12 week exercise period. Most patients (80%) in each group attended five or six visits. In the specific exercise group, 45 of the 51 patients completed their exercise diaries, and 44 of them missed fewer than 15 days of exercise out of 84. Forty one patients out of the 46 in the control exercise group fulfilled their exercise diaries, and 40 of them missed fewer than 15 days of exercise out of 84.

The number of patients using analgesics or anti-inflammatory drugs, or both, during the intervention period was similar in both control groups (12/51 (24%) *v* 15/46 (33%)).

Discussion
==========

Patients with persistent subacromial impingement syndrome experience significantly greater improvements in shoulder function and pain after a specific exercise strategy over 12 weeks. In this randomised controlled study the specific exercise strategy, targeting the rotator cuff and scapula stabilisers, was compared with unspecific exercises. The exercise programme influenced the patients' choice about surgery as significantly more patients in the specific exercise group withdrew from the waiting list for surgery.

These positive results were achieved even though the participants had persistent symptoms that had not responded to at least three months of earlier conservative treatment (including exercise treatment) before inclusion.

Content of the specific exercise strategy
-----------------------------------------

Several components in the specific exercise strategy are thought to contribute to these positive results. Firstly, the programme consisted of strengthening eccentric exercises for the rotator cuff and concentric/eccentric exercises for the scapula stabilisers in combination with manual mobilisation. Eccentric strength training has been successful in treating other tendonoses, especially those of the Achilles and patellar tendons.[@ref37] [@ref38] [@ref39] Why eccentric exercises are effective, however, is not fully understood. Eccentric exercises might provide a greater remodelling stimulus and also cause damage to the pathological nerves and neovessels around the affected tendon.[@ref40] Two recent pilot studies reported positive effects (decreased pain and increased shoulder function) after a 12 week period of eccentric exercises for the rotator cuff in patients with subacromial impingement syndrome.[@ref41] [@ref42] Thus, eccentric exercises might be an important component of the rehabilitation strategy. Strengthening exercises for the scapula stabilisers are thought to normalise the altered shoulder kinematics in patients with subacromial impingement syndrome[@ref43] [@ref44] and, therefore, to reduce the risk for impingement.[@ref4] The muscles acting as scapula stabilisers make the scapula a stable basis from which the rotator cuff muscles can act. They also adjust the glenoid fossa in relation to the humeral head during arm movements.[@ref45] A combination of exercises for the rotator cuff and scapula stabilisers seems to be needed to minimise the risk for impingement and optimise rehabilitation for patients with subacromial impingement syndrome. In our current study, the exercises were combined with manual mobilisation when needed, which is supported by earlier reviews.[@ref13] [@ref14] [@ref21] With the current aim and design of this study, however, we were not able to evaluate the effect of each component in the strategy.

Explanation of results
----------------------

Good adherence is required for a positive treatment effect.[@ref46] Because lack of time is a source of poor adherence,[@ref47] a small number of exercises is assumed to be beneficial for good adherence. Our programme consisted of only a few exercises, which could be completed in a reasonable time. In addition, regular follow-ups by the physiotherapist focused on hands-on guidance to facilitate appropriate performance of the exercises. Guided exercise treatment has been shown to be important, especially early in the rehabilitation phase when the patient needs support dealing with pain and disability.[@ref48] Pain during loading was allowed, as recommended by the pain monitoring model,[@ref30] and used to determine the progression of loading. The model was also used to support the patients in dealing with their experience of pain. This model has been successfully used in earlier studies that included patients with tendonopathy to ensure that the exercise treatment was well tolerated by the patients.[@ref30] [@ref49] It might even be a factor related to dose-response and important for efficacy.

The significant improvement in shoulder function seen in the specific exercise group was probably a response to the treatment. Little is known about natural recovery in patients with subacromial impingement syndrome and, as we did not include a third group with no treatment, we cannot evaluate the influence of natural recovery. The patients included in the present study, however, had persistent symptoms with low disability values at baseline, which has been reported to be associated with a poorer prognosis.[@ref50] Therefore, natural recovery is unlikely to explain the whole treatment effect, which is further supported by the differences between groups. The total treatment effect is also affected by the placebo effect. Attention, active treatment,[@ref51] and positive expectations[@ref52] are thought to contribute to the placebo effect. All patients were blinded to treatment assignment and had the same number of individual sessions with the physiotherapist. In addition, the expectations about treatment effects did not differ between the treatment groups and cannot explain the favourable results for the specific exercise group.

Furthermore, all patients received a corticosteroid injection, according to current practice and based on published evidence.[@ref53] [@ref54] Though both groups reported significantly decreased pain over time, participants in the specific exercise group reported a significantly greater decrease; thus a positive effect of the corticosteroid injection cannot be the sole contributor to improvement.

The patient's own choice about surgery is thought to be a result of the positive treatment effect but should be interpreted with caution. Factors such as information given at the orthopaedic counselling might influence this choice. Therefore this information was standardised, emphasising that none of the existing treatments is superior.

Comparison with other studies
-----------------------------

The specific exercise group experienced a large treatment effect, illustrated by a mean change of 24 points in the primary outcome (Constant-Murley score) after three months. These results are comparable with the results reported by several authors one to two years after arthroscopic subacromial decompression surgery.[@ref12] [@ref36] [@ref55] Also the patients' global impression of change because of treatment reported by the specific exercise group (69% much improved or recovered) is comparable with the success rates reported by the patients one year after arthroscopic subacromial decompression (75%).[@ref56] The positive results of increased shoulder function and decreased pain are in line with earlier studies reporting a positive effect of exercise strategies.[@ref12] [@ref57] [@ref58] [@ref59] A study by Bennell et al that used a strategy including manual treatment, however, reported no immediate effect after treatment.[@ref60] As some recent systematic reviews have expressed concerns over the methods of the earlier studies, no consensus exists regarding exercise treatment in patients with subacromial impingement syndrome. The main concerns have been assessor blinding, small sample sizes, and insufficient descriptions of the exercise programmes, including dose and adherence to the exercise protocol.[@ref13] [@ref14] [@ref15] Furthermore, studies evaluating the efficacy of exercise treatment in patients with persistent subacromial impingement syndrome who are on the waiting list for surgery are scarce. Two pilot studies evaluated eccentric exercises for the rotator cuff and reported favourable results. About 60-70% of the patients withdrew from the waiting list.[@ref41] [@ref42] In the current study, an even higher percentage declined surgery (80% of the patients in the specific exercise group). Virta et al reported that only 10 of 97 patients needed surgery after 12 weeks of strengthening exercises.[@ref61] Their study design, however, lacked a control group. Dickens et al evaluated physiotherapy for patients on the waiting list for surgery, reporting that 26% of the patients in the intervention group withdrew from the waiting list, whereas all in the control group required surgery.[@ref57] Because their exercise programme was not standardised and the content, dose, and progression were not described in detail, however, the results cannot be compared with ours. Other studies have compared exercise treatment with surgery and reported similar positive outcomes after 12 months.[@ref12] [@ref19] [@ref20] All these studies successfully used the supervised regimen by Bohmer et al[@ref62] and have contributed to the recommendation that exercises are used as first line management. The current study evaluating a new strategy for patients in whom earlier exercise treatments have failed adds valuable knowledge for managing patients with persistent subacromial impingement syndrome.

Strength and limitations of the study
-------------------------------------

The strengths of the present study are the strict study design, good attendance of the participants, and successful blinding. In addition, the standardised exercise protocol provides guidance about content, dose, and progression, which enables implementation into everyday practice. The study also has some limitations. Only one physiotherapist was involved in treatment and was not blinded to group assignment, which decreases the external validity of the results. The interaction with the physiotherapist was similar in both groups, however, and all patients received guidance and were encouraged to perform their home based exercises daily. The three month follow-up was a pragmatic choice, partly based on clinical experience that improvements with exercise programmes usually occur within that time, with an expected time to surgery of three months. All patients were recruited from the surgical waiting list of one orthopaedic clinic, however, which might affect the external validity of the results, though patients who were referred from primary care in the region of Östergötland (population 427 106, Central Bureau of Statistics 2009) to an orthopaedic specialist for surgery are thought to be representative of the studied population. Primary care patients with subacromial impingement syndrome have a better prognosis because of a better baseline outcome and shorter duration of pain[@ref50] than the studied population. Therefore, this specific exercise strategy might also be effective in this population. This positive treatment effect needs to be proved in a primary care setting with longer follow-up before possible implementation in primary care.

Conclusion
----------

A specific exercise strategy, focusing on strengthening eccentric exercises for the rotator cuff and concentric/eccentric exercises for the scapula stabilisers, is effective in reducing pain and improving shoulder function in patients with persistent subacromial impingement syndrome. By extension, this exercise strategy reduces the need for arthroscopic subacromial decompression within the three month timeframe used in the study.

### What is already known in this topic

1.  Shoulder impingement syndrome is one of the most common shoulder conditions causing pain and loss of function

2.  First choice of treatment is conservative, often with different exercise programmes; yet conclusive evidence to support the efficacy for these programmes is lacking

### What this study adds

1.  This specific exercise strategy is effective in improving shoulder function and pain in patients with persistent subacromial impingement syndrome in whom earlier conservative treatment has failed. By extension, this could reduce the need for surgery within three months

2.  The standardised exercise protocol provides guidance about content, dose, and progression, which enables implementation into everyday practice
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